In neuroradiology, highly sophisticated methods such as MRI are implemented to investigate different entities of the central nervous system and to acquire miscellaneous images where tissues display varying degrees of characteristic signal intensity or brightness. Compared to x-ray, CT, and ultrasound, MRI produces clearer images of tissues, body fluids, and fat. The basics of MRI may be unknown to neurologists; this article introduces MRI physics, techniques, and interpretation guidelines.
& T2 alters with structural or metabolic changes of the tissue, which makes it highly sensitive for pathologic changes of body tissue; T2-weightedMRI uses T2 relaxation times to generate fundamental images with characteristic tissue signal intensities or & tissue brightness. & Errors caused by B0 inhomogeneities, susceptibility effects, body motion, or wrong parameter settings on the scanner can manifest in the image as artifacts (structures displayed that do not reflect reality), or the image may be blurred. Identifying and avoiding such artifacts is of great importance in MRI. & Important MRI sequence parameters that can usually be influenced by the user at the scanner are the echo time and the repetition time. & Echo time defines the time from the excitation until the signal is measured in the transverse plane. This is of importance because the longer the echo time defined by the user, the longer the tissue-specific T2 decay takes place. Hence, the acquired image displays a stronger T2 weighting. & Repetition time defines the time between repetitive measurement cycles or excitations. & If the defined repetition time is short compared to the characteristic T1 relaxation times of the investigated tissues, the corresponding longitudinal magnetizations cannot fully recover before the next excitation, which represents a T1weighting of the magnetization. As a result, the image that is reconstructed is also T1 weighted. & T1 and T2 weighting are dominant or strong signal weightings in MRI and therefore facilitate images with excellent tissue differentiation. & Diffusion represents water motion in the tissue on a microscopic scale; it is determined by the tissue microstructure and also reflects metabolism. The resulting apparent diffusion coefficient is tissue-specific and is a measure of the mobility of the water molecules in the tissue. & The principal advantage of MRI is the ability to investigate tissue-dependent responses to a magnetic field in multiple planes without the use of ionizing radiation. & A systematic approach should consider fixed reading procedures, for example, from inside to outside or vice versa, from gray matter to white matter and CSF, or from suspected pathology to general inspection on a slice-by-slice basis. & If a lesion is detected, it should first be classified by broad category, eg, tumoral lesion, vascular pathology, infection, or degeneration. & Image interpretation should always depend on the combination and integration of imaging features and clinical information. & Since location is a highly relevant parameter for diagnosis, a strong effort should be made to categorize a lesion with respect to its topography. & The signal intensity of a lesion may provide information about its composition. A lesion is classified as hypointense, isointense, or hyperintense as compared to the gray matter if not otherwise stated. & T1-hyperintense lesions consist of fat, blood in the methemoglobin stage, or proteinaceous fluid, or show contrast enhancement. & MRI produces images that represent signal intensities of tissue that are dependent on relaxation time and spatial resolution.
& Advanced neuroimaging can provide real-time information on the state of the brain parenchyma and neurovasculature, which may guide treatment outside of current time windows. & Every image serves to answer specific clinical questions to guide treatment decisions. & Advances in neuroimaging in stroke are built on the basis of hemodynamics; accounting for these variables allows physicians to make more individualized (rather than population-based) therapeutic decisions. & The ischemic penumbra refers to tissue at risk of infarction if reperfusion does not occur in a timely manner. This dysfunctional but salvageable tissue has been the target of all reperfusion and neuroprotection therapies. & The cerebral collateral circulation exists to protect the brain against ischemia and sustain the penumbra. & Collateral flow in ischemic stroke is a dynamic process and will eventually fail if timely reperfusion is not established. & Noncontrast CT is the most widely used first-line imaging tool in patients with acute stroke and is recommended as an initial mode of imaging to assist in making decisions for IV tissue plasminogen activator. & Comparing the signal intensities on diffusion-weighted, apparent diffusion coefficient, and fluid-attenuated inversion recovery images can help distinguish acute, subacute, and chronic stroke. Positive signals on diffusion-weighted imaging without corresponding fluid-attenuated inversion recovery hyperintensity imply that the stroke occurred less than 4.5 hours before imaging.
& Hyperdense middle cerebral artery sign on noncontrast CT and blooming artifact on gradient recalled echo MRI may indicate red cellYpredominant occlusive thrombus. & Diffusion-weighted imaging/perfusion weighted MRI and CT perfusion are imaging modalities commonly used to rapidly identify patients with stroke with persistent penumbra thought to be optimal candidates for reperfusion therapies. & A malignant mismatch profile is associated with severe intracranial hemorrhage and poor outcome after reperfusion. & When combined with CT perfusion, CT angiography can rapidly generate quantitative and qualitative parameters that enable discrimination between normal tissue, penumbra, and infarcted core. & In the absence of recanalization, collateral blood flow is the determinant of penumbral survival. & High collateral grade predicts greater reperfusion, better functional outcome, and lower hemorrhage risk. & Low Alberta Stroke Program Early CT Score (ASPECTS) correlates with low collateral grades. & Standardized perfusion methods and thresholds are needed to reliably determine the core and penumbra and facilitate the clinical use and dissemination of these techniques.
The most common initial neuroimaging study is a noncontrast head CT, which allows for the identification of hemorrhage. Once an intracranial hemorrhage has been identified, the pattern of blood and the patient's medical history, neurologic examination, and laboratory studies lead the practitioner to pursue further neuroimaging studies to guide the medical, surgical, and interventional management. Given that hemorrhagic stroke constitutes a heterogeneous collection of diagnoses, the subsequent neuroimaging pathway necessary to better evaluate and care for these patients is variable based on the etiology. With an increasing incidence and prevalence of atrial fibrillation associated with the aging population and the introduction of three new direct factor Xa inhibitors and one direct thrombin inhibitor to complement vitamin K antagonists, oral anticoagulant use continues to increase. Patients on oral anticoagulants have a sevenfold to tenfold increased risk for intracerebral hemorrhage (ICH). Furthermore, patients who have an ICH associated with oral anticoagulant use have a higher mortality rate than those with primary ICH. Despite the reduced incidence of hypertension-related ICH over the past decade, it is expected that the incidence of ICH will continue to increase.
& Head CT without contrast has distinct advantages over other neuroimaging tools as the initial screening test for hemorrhagic stroke, including wide availability, lower cost, ease of identification of hemorrhage, high sensitivity and specificity, and applicability in patients with hemodynamic instability and claustrophobia. & Calculation of hematoma volume allows for improved communication between medical providers and can be easily accomplished by using the ABC/2 method. & Approximately, one-third of patients with hemorrhagic stroke will have hematoma expansion on follow-up head CT within the first 3 hours of symptom onset. & Presence of a spot sign on head CT angiography is indicative of active hemorrhage and predictive of hematoma growth; it may favor admittance to the intensive care unit even if the patient is not intubated and appears to be clinically stable. & Hyperattenuation of acute blood on head CT is based on the protein content of whole blood (ie, hemoglobin). Therefore, in patients with serum hemoglobin less than 10 g/dL, hyperattenuation may be limited, resulting in reduced ability to identify intracerebral hemorrhage. Similarly, in patients with very elevated hemoglobin values, such as those with polycythemia or significant hemoconcentration, the vasculature may appear abnormally hyperdense, making accurate diagnosis of intracerebral hemorrhage challenging. & MRI is more sensitive than CT in identifying subacute hemorrhagic stroke. & Susceptibility-weighted MRI is the most sensitive modality for detecting small amounts of intraparenchymal hemorrhage. & MRI allows for distinction between the two most common etiologies of hemorrhagic stroke: arterial hypertensive vasculopathy and cerebral amyloid angiopathy. & Establishing a hospital protocol for obtaining MRI scans based on priority levels may be a very practical and efficient way to triage patients for MRI and may result in better use & of limited resources. & Modern CT angiography has very high sensitivity and specificity in detecting arterial lesions of the brain and is largely replacing digital subtraction angiography for diagnostic purposes. However, the sensitivity of CT angiography is lower than digital subtraction angiography for aneurysms smaller than 3 mm and intracranial dissections. & In patients with marginally elevated creatinine where angiographic data are critical, digital subtraction angiography may be preferred over CT angiography as the amount of contrast administered can be kept much lower with digital subtraction angiography. & The sensitivity and specificity of digital subtraction angiography exceed 99% in identifying vascular abnormalities in patients with hemorrhagic stroke. & The role of transcranial Doppler in the imaging of hemorrhagic stroke is most robust in the detection of cerebral vasospasm in patients with subarachnoid hemorrhage. & It is important to exclude secondary causes of hemorrhagic stroke through vascular neuroimaging even when it is suspected to be caused by arterial hypertensive vasculopathy. & A noncontrast head CT is highly sensitive in detecting subarachnoid blood, especially within 6 hours of hemorrhage.
& In a patient with a clinical history highly suggestive of subarachnoid hemorrhage but negative head CT, further options include lumbar puncture to assess for xanthochromia, MRI to assess for subarachnoid hemorrhage, and CT angiography or digital subtraction angiography to identify the presence of an aneurysm or other etiology. & The clinical course of cerebral venous thrombosis can be extremely variable and insidious, making it difficult to diagnose early on. Neuroimaging can play a crucial role in early identification and treatment. & The appearance of the thrombus on MRI is time specific: isointense on T1 and hypointense on T2 in the acute phase, hyperintense on T1 and T2 in the subacute phase, and isointense on T1 and hyperintense on T2 in the chronic phase. & Radiologic classification of hemorrhagic transformation of ischemic stroke can help with prognostication and in making decisions regarding holding or continuing antithrombotic therapy. & Intracerebral hemorrhage can also be secondary to an underlying brain tumor, either primary or metastatic. Overall, primary brain tumors are reported to have a lower rate of intracerebral hemorrhage as compared to brain metastases.
In a significant number of patients with epilepsy, the MRI results are normal or reveal indeterminate findings. For patients with drug-resistant focal epilepsy, functional neuroimaging techniques, such as fludeoxyglucose-positron emission tomography (FDG-PET), ictal single-photon emission computed tomography (SPECT), or functional MRI (fMRI), may assist in surgical planning, especially in patients with MRI-negative epilepsy, whose prognosis for a seizure-free outcome after surgery is worse than for patients with an epileptogenic lesion on structural MRI.
Key Points
& In the acute setting, the primary purpose of structural neuroimaging in patients with new-onset seizures is to identify a treatable underlying disease process. & Urgent neuroimaging following a seizure is most important with the following red flags: recurrent seizures; focal-onset seizure; persistently altered level of consciousness; focal abnormalities on neurologic examination; headache; recent head trauma; fever; hypertension or other vital sign abnormality; travel to area endemic for cysticercosis; anticoagulant use; and history of stroke, bleeding disorder, hydrocephalus, human immunodeficiency virus, immunosuppression, malignancy, or other significant concurrent illness. & Virtually all adult patients with epilepsy should have at least one MRI in the course of their evaluation. & A tailored specific brain MRI epilepsy protocol study in individuals with focal seizures should be performed to improve detection of common pathologic findings underlying the epileptogenic zone. & A three-dimensional T1-weighted volumetric acquisition with isotropic voxel size of 1 mm or 1.5 mm enables the flexible reconstruction of images; this is especially helpful for the evaluation of structural lesions such as focal cortical dysplasias. & Mesial temporal lobe epilepsy is the most common surgically remediable epileptic syndrome. & Thin coronal slices through the long axis of the hippocampus improve MRI detection of typical abnormalities in individuals with pathologically verified mesial temporal sclerosis. & Because of normal variation or patient positioning, simple visual inspection can be misleading in subtle cases of hippocampal atrophy; quantitative hippocampal volumetric studies in patients with mesial temporal sclerosis are most objective and can improve yield. & When a patient with focal-onset epilepsy is found to have a normal MRI, an undetected focal cortical dysplasia is typically considered to be the most likely underlying lesion. & Key MRI features of focal cortical dysplasia type I include blurring of the gray-white junction, abnormal gyral or sulcal patterns, lobar or sublobar hypoplasia or atrophy, and subcortical white matter volume loss with increased T2/decreased T1 signal. & Focal cortical dysplasia type II often shows apparent increased cortical thickness (better seen on T1-weighted sequences), blurring of the gray-white junction, and an increased T2 and decreased T1 signal in the subcortical white matter. & In patients presenting to a first-seizure clinic, encephalomalacia and gliosis were the most common presumed epileptogenic MRI lesions. & Gangliogliomas and dysembryoplastic neuroepithelial tumors are the most frequently encountered primary brain tumors in patients with focal seizure disorders. & Imaging provides important data in predicting surgical success; among the factors cited as improving surgical outcome in a 2015 Cochrane Review were concordance of preoperative MRI and EEG findings, the presence of mesial temporal sclerosis or tumor, the absence of focal cortical dysplasia or malformation of cortical development, and an abnormal preoperative MRI.
& Functional MRI may map sensory and motor functions, which may be unpredictable when eloquent cortex is adjacent to or even contained within a lesion, causing altered anatomic or functional topography. & In most patients with temporal lobe epilepsy, temporal hypometabolism has been found to accurately lateralize to the temporal lobe with EEG abnormalities and is associated with good surgical outcomes, even when MRI is negative. & Subtraction ictal single-photon emission computed tomography coregistered to MRI (SISCOM) allows improved localization of the epileptogenic zone in patients with focal epilepsy.
& In lissencephaly, the brain has decreased sulci and gyri, resulting in a smooth cortex. It may be described as complete (agyria) or incomplete (pachygyria). In pachygyria, the cortex has thickened flat gyri. & Polymicrogyria is an irregular cortex with several small convolutions in the sulci and gyri.
It is most commonly located in the bilateral perisylvian fissures but can be seen in a number of locations. & Diffusion tensor imaging measures of fractional anisotropy can be used to detect microstructural damage in many congenital malformations. Small abnormalities that are missed on MRI can be better seen with diffusion tensor imaging. & Schizencephaly is a gray matterYlined cleft extending from the ependyma of the ventricle to the pial surface of the cortex. The gray matter is disorganized and without the proper cortical layers, and the septum pellucidum is typically absent. & Anencephaly is the absence of the forebrain, skull, and scalp. It occurs when the cephalic end of the neural tube fails to close or reopens after closure. It is usually not compatible with life. & Holoprosencephaly describes the failure of the division of the forebrain into two hemispheres. Subtypes are described as alobar, which is the most severe, with no midline differentiation and fused basal ganglia; semilobar, with an ''ace of spades'' appearance; and lobar, with some development of the hypothalamus, frontal regions, and anterior corpus callosum. & Dandy-Walker malformation and related disorders are spectrum disorders that involve varying degrees of cerebellar hypoplasia, mega cisterna magna, and retrocerebellar arachnoid cysts. & On neuroimaging, Joubert syndrome can be identified by thickened and elongated superior cerebellar peduncles that give the appearance of a molar tooth. & The degree of cerebellar tonsillar herniation in Chiari type I malformation does not always correlate with the severity of symptoms. The size of the posterior fossa, however, has been shown to be predictive of severity and response to decompression surgery. & Measuring the degree of cerebellar tonsillar herniation on sagittal and coronal MRI as well as using cine-MRI CSF flow scans can be helpful in evaluating the degree of severity of Chiari type I malformation.
Imaging in Patients With Visual Symptoms
imaging is challenging owing to the small structures and different tissue interfaces within and surrounding the orbital compartment. Some of the emerging three-dimensional MRI sequences are promising and compare well with high-resolution two-dimensional sequences in the orbits.
Summary:
The diagnosis of patients with visual symptoms can be challenging and often requires in-depth knowledge of neuroanatomy that is well depicted by various imaging methods. Neurologists are expected to be familiar with the latest imaging techniques that play an important role not only in diagnosing diseases but also in determining disease pathogenesis. Close collaboration with the neuroimager, ophthalmologist, and, when available, neuro-ophthalmologist, is recommended when caring for patients with visual symptoms.
Key Points
& CT may be helpful in the evaluation of calcified lesions, such as aneurysms, optic nerve head drusen, optic nerve sheath meningiomas, and retinoblastomas. & The orbital structures are buried in fatty tissues, which show hyperintense signal on both T1-and T2-weighted sequences (due to fat having short T1 and long T2 values). & MRI is a sensitive technique, but its specificity is relatively low; therefore, different disease processes can cause similar imaging appearances. & Imaging plays an important role in the complex differential diagnosis of neurogenic visual loss by confirming or excluding the presence of a compressive/infiltrative, inflammatory/infectious, hereditary, mechanical (elevated intracranial or intraocular pressure), toxic/metabolic, traumatic, or vascular lesion and by monitoring disease activity and potential complications. & The most common bilateral optic nerve disease that the neurologist is consulted on is swollen optic nerves from mechanical causes. & Neuroimaging signs that are useful to support the clinical diagnosis of papilledema due to idiopathic intracranial hypertension (ie, primary pseudotumor cerebri syndrome) include: (1) empty or partially empty sella, (2) flattening of the posterior aspect of the globe (with or without protrusion into the globe), (3) distention of the optic nerve sheath (perioptic subarachnoid space) with or without a tortuous optic nerve, and (4) transverse venous sinus stenosis. & Imaging findings that suggest chronically elevated intracranial pressure are meningoceles at various apertures of the cranial vault and acquired cerebellar tonsillar ectopia. & For patients with the typical phenotype for idiopathic intracranial hypertension (young obese female), the recommendation is to obtain a brain MRI with and without contrast to confirm normal brain parenchyma and absence of hydrocephalus and to exclude abnormal meningeal enhancement. For patients with an a typical phenotype, additional magnetic resonance venography is recommended. & When a patient does not have the typical phenotype for idiopathic intracranial hypertension or when CSF is not entirely normal, then spinal abnormalities, such as spinal leptomeningeal lymphoma, should be considered and imaging of the entire spinal axis should be performed. & Optic nerve glioma is one of the optic pathway gliomas, and when it is bilateral, it is pathognomic for neurofibromatosis type 1. & In the imaging-based differentiation of optic nerve sheath meningioma, helpful clues are calcification or enhancement of the optic nerve sheath, often with compression of the optic nerve. Each of these features has been labeled as the tram-track sign.
Sometimes optic nerve sheath meningioma may cause bony erosion, hyperostosis, or pneumatization of the adjacent bone. & The imaging differential diagnosis of meningeal enhancement includes low intracranial pressure (pachymeningeal involvement), infectious or neoplastic meningitis, and dural metastasis. & In acute optic neuritis, MRI with short tau inversion recovery, T2 fluid-attenuated inversion recovery, or T2-weighted imaging with fat-suppression sequence shows optic nerve hyperintensity in the vast majority of patients, and on contrast-enhanced T1-weighted imaging with fat suppression, abnormal enhancement is seen in 94% of affected nerves. If the enhancing optic nerve segment is longer than 17 mm or the canalicular segment of the optic nerve is involved, then poor baseline visual acuity, threshold perimetry, and color vision are expected. & Sarcoid lesions tend to be isointense relative to gray matter on T1-weighted imaging and hypointense on T2-weighted imaging; on contrast-enhanced MRI, intense meningeal enhancement most commonly involves the basal meninges and sulci. However, leptomeningeal granulomas may go unnoticed on nonYcontrast-enhanced MRI. & In perineuritis, optic nerve function is preserved, but optic nerve sheath inflammation is marked by thickening and enhancement, which is best seen on contrast-enhanced T1-weighted MRI with fat suppression. & In hereditary, toxic-metabolic, traumatic, and vascular optic neuropathies, neuroimaging is usually normal or may show some nonspecific findings involving the optic nerve or optic disc, including T2 hyperintensity and enhancement. & In the imaging evaluation of a sellar or extrasellar lesion, determine the epicenter of the lesion (in, above, below, or lateral to the sella) and analyze the lesion for signal characteristics (identification of cystic or solid components, calcification, and flow voids). & In children, the triad of proptosis, skull lesion, and diabetes insipidus suggests Hand-Schuller-Christian syndrome, a variant of Langerhans cell histiocytosis. & Blow-out fracture of the orbit usually involves the thinnest orbital walls. & On imaging of blow-out fracture of the orbit, enophthalmos, air in the lids, and a teardrop sign due to prolapsed tissue through the fracture can be seen. & In thyroid eye disease, the acute inflammatory stage is signified by increased water content of the involved muscles, resulting in T2 hyperintensity. The chronic stage is marked by fibrosis and fat accumulation seen as T1 hyperintensity. & IgG4-related disease of the orbit may present with myositis or may involve other orbital (dacryoadenitis) or intracranial tissues (pachymeningitis, hypophysitis). & MRI findings in Tolosa-Hunt syndrome include inflammation marked by enlargement and enhancement of the cavernous sinus, superior orbital fissure, or orbital apex; narrowing of the intracavernous internal carotid artery; and enlargement of the optic nerve and extraocular muscles. & In carotid-cavernous fistula, reversal of flow from the cavernous sinus to the orbit is suggested by flow void (arterialized blood) that is usually accompanied by enlargement of the ipsilateral or bilateral superior ophthalmic vein. & Lemierre syndrome is diagnosed when bilateral cavernous sinus thrombosis due to septic emboli, usually from a parapharyngeal source, is identified. & In a suspected Horner syndrome, an imaging evaluation can be lengthy and costly because of the long oculosympathetic pupillomotor pathway; therefore, the imaging study should be chosen according to the suspected site of injury based on associated symptoms, signs, and the result of pupil pharmacologic testing. & The most common cause of a postganglionic Horner syndrome is a vascular process (eg, internal carotid artery dissection), although it may also be associated with migraine, & Diffusion-weighted imaging is extremely sensitive in detecting acute ischemia, cerebral abscess, hypercellularity, and postoperative brain injury. & Magnetic resonance spectroscopy of malignant brain tumors typically shows an increase in the choline peak, a decrease in the N-acetylaspartate peak, an increase of the choline to creatine ratio, and the presence of a lactate peak. & On perfusion imaging, low-grade astrocytomas have a lower mean relative cerebral blood volume than do anaplastic astrocytomas or glioblastomas. & On perfusion imaging, mapping of cerebral blood volume can reveal differences in vascularity and may help differentiate radiation necrosis from recurrent tumor. & Lymphomas are hypercellular tumors with a high nuclear to cytoplasmic ratio; therefore, primary central nervous system lymphomas often show reduced diffusivity on iffusionweighted imaging. & On perfusion imaging, meningiomas show elevated blood volume due to their hypervascularity. Capillaries within a meningioma are highlypermeable due to the lack of a blood-brain barrier. & Meningiomas may be associated with a mutation in chromosome 22 or as part of neurofibromatosis type 2. 
Imaging of Intracranial Cysts

Abstract
Purpose of Review:
Intracranial cysts are common findings on both CT and MRI. The majority of intracranial cysts are benign and incidental and without clinical significance. However, a minority are due to infectious, neoplastic, or other pathologic processes.
Recent Findings:
Neuroimaging, in particular brain MRI, can readily identify intracranial cysts. It can often be difficult to characterize the likely histopathology of intracranial cysts based solely on their signal intensity, even when using contrast. However, with the knowledge that most intracranial cysts occur within a fairly narrow anatomic distribution, a concise and specific differential diagnosis can often be developed based primarily on location. The first location-based question to consider regarding intracranial cysts is whether the lesion is intraaxial or extraaxial. Intraaxial cysts should be further characterized as intraparenchymal or intraventricular, and extraaxial cysts should be identified as either midline or nonmidline. Signal characteristics using CT, MRI, or both can help further characterize the cystic process.
Summary:
Neurologists should be familiar with the characteristic patterns of intracranial cysts to distinguish between benign and pathologic processes. A systematic approach to the assessment of intracranial cysts based on location and appearance should greatly narrow the differential diagnosis. hyperintense lesions and are typically in the periphery of the cord, extending longitudinally for fewer than three vertebral segments. & In neuromyelitis optica, spinal cord lesions are usually centrally located and involve more than one-half of the cross-sectional area of the cord. Unlike multiple sclerosis lesions, neuromyelitis optica lesions typically extend for more than three vertebral segments in length. & Etiologies of longitudinally extensive transverse myelitis include venous hypertensive myelopathy as well as a variety of autoimmune, infectious, neoplastic, and metabolic conditions. & Diffuse enhancement is seen in infectious processes that have not evolved into an abscess, whereas rim enhancement and a nonenhancing core are more suggestive of an abscess. & Viral myelitis can be caused by direct viral infiltration of the cord or by postviral immunologic sequelae. Herpes virus, poliovirus, cytomegalovirus, and human immunodeficiency virus are the typical pathogens. & The borderzone between the larger segmental anterior radicular arteries in the midthoracic region is vulnerable to hypoperfusion, and the area supplied by the radicular arteries arising from the artery of Adamkiewicz (lower thoracic) is vulnerable to embolic or thrombotic strokes. & Hyperintensity within adjacent vertebrae may indicate concurrent bone infarction, whereas adjacent prolapsed disk space may signify fibrocartilaginous embolism as a cause of infarct. & Catheter angiography is required in cases of suspected vascular malformations to further characterize the lesion and plan treatment. 
Imaging of Spinal Cord Disorders
Abstract
Positron emission tomography (PET) and single-photon emission computed tomography (SPECT) are now available for routine clinical applications in neurology. This article discusses their diagnostic use in dementia, brain tumors, epilepsy, parkinsonism, cerebrovascular disease, and traumatic brain injury.
Recent Findings:
Neuromolecular imaging, also known as nuclear neurology, involves clinical imaging of both basal regional physiology (perfusion, metabolism, and transport mechanisms) and specific neurochemical physiology (currently, only the dopamine transporter). This article serves as an introduction to neuromolecular imaging, reviewing the literature supplemented by the author's experience.
Summary:
Neurologic PET and SPECT are no longer restricted to the research realm. These modalities have high diagnostic accuracy.
Key Points
& Neuromolecular imaging can measure some aspect of a pathologic process within the brain, but it can also measure the physiologic effects of that pathology on the functioning of cerebral parenchyma. Both types of measurements provide useful diagnostic information. & Positive positron emission tomography amyloid imaging is a biomarker of brain amyloid-A deposition, and fludeoxyglucose positron emission tomography hypometabolism in the temporal and parietal cortices and MRI atrophy in the temporal and parietal lobes are biomarkers of neuronal degeneration or injury. & Patterns of central nervous system dysfunction shown on neuromolecular imaging usually develop early in the disease course of dementia, facilitating early diagnosis. & Each dementing illness has its own pattern of central nervous system dysfunction on neuromolecular imaging, facilitating differential diagnosis. & The typical imaging pattern for Alzheimer disease is a posteriorly dominant asymmetric association cortex hypofunction, worst in temporal and parietal cortices, with important involvement of the medial parietal cortex. Function is better preserved in primary cortex and subcortical gray matter structures. & Transcranial Doppler assesses recanalization and potential reocclusion in real time in patients with acute ischemic stroke treated with systemic or intraarterial reperfusion therapies. & A novel application of neurosonology is the assessment of an intracranial arterial steal syndrome and evaluation of vasomotor reactivity of intracranial arteries. & The transcranial Doppler bubble test is more sensitive than transthoracic echocardiography (with or without contrast injection) in detection of a right-to-left shunt through a patent foramen ovale. & Transcranial Doppler stratifies the risk of patients with sickle cell anemia and those in need of blood transfusions for primary stroke prevention. Those who meet transcranial Doppler criteria for blood transfusions should stay on transfusions since these children remain at high risk of stroke if transfusions are discontinued. & One of the first applications of transcranial Doppler in clinical use has been the identification of cerebral vasospasm after subarachnoid hemorrhage. & Brain death is a clinical diagnosis that can be supported by transcranial Doppler, given the ability of transcranial Doppler to detect cerebral circulatory arrest. & The midbrain appears hypoechoic in transcranial sonography, surrounded by the hyperechoic basal cisterns, while the substantia nigra appears as a thin hyperechoic strip with total surface not exceeding 0.20 cm 2 in normal subjects. & Increased substantia nigra hyperechogenicity can be detected with transcranial parenchymal sonography in approximately 90% of patients with idiopathic Parkinson disease. & Substantia nigra hyperechogenicity may serve as a preclinical marker of idiopathic parkinsonism. & Peripheral nerve ultrasound may offer structural information regarding the underlying etiology of entrapment neuropathies. Ultrasound findings are complementary to information offered by neurophysiologic studies. & Ultrasonography of a peripheral nerve examines five parameters: (1) cross-sectional area at certain sites of clinical interest, (2) variability of the cross-sectional area along its course, (3) echogenicity, (4) vascularity, and (5) mobility. & The most common ultrasound findings seen in patients with symptomatic carpal tunnel syndrome include enlarged cross-sectional area of the median nerve proximal to the edge of the flexor retinaculum, increased wrist to forearm swelling ratio, hypoechogenicity and disturbed fascicular echo structure, reduced slippage of the nerve after finger flexion, and increased vascularity.
